We present an updated catalog of 113 X-ray flares detected by Swift in the ∼ 33% of the X-ray afterglows of Gamma-Ray Bursts (GRB). 43 flares have a measured redshift. For the first time the analysis is performed in 4 different X-ray energy bands, allowing us to constrain the evolution of the flare temporal properties with energy. We find that flares are narrower at higher energies: their width follows a power-law relation w ∝ E −0.5 reminiscent of the prompt emission. Flares are asymmetric structures, with a decay time which is twice the rise time on average. Both time scales linearly evolve with time, giving rise to a constant rise-to-decay ratio: this implies that both time scales are stretched by the same factor. As a consequence, the flare width linearly evolves with time to larger values: this is a key point that clearly distinguishes the flare from the GRB prompt emission. The flare 0.3 − 10 keV peak luminosity decreases with time, following a power-law behaviour with large scatter: L pk ∝ t −2.7±0.5 pk . When multiple flares are present, a global softening trend is established: each flare is on average softer than the previous one. The 0.3 − 10 keV isotropic energy distribution is a log-normal peaked at 10 51 erg, with a possible excess at low energies. The flare average spectral energy distribution (SED) is found to be a power-law with spectral energy index β ∼ 1.1. These results confirmed that the flares are tightly linked to the prompt emission. However, after considering various models we conclude that no model is currently able to account for the entire set of observations.
1993), therefore GRBs can be classified as "short" and "long". The time profile of the prompt emission may present either multiple spikes of very short duration or relatively broad peaks with no fast variability (Norris et al. 2005) . After the discovery of the isotropic distribution of the BATSE GRBs on the sky (Meegan et al. 1992; Fishman et al. 1994; Briggs et al. 1996; Paciesas et al. 1999 ) and the detection of the afterglow of GRB970228 (Costa et al. 1997; Groot et al. 1997; van Paradijs et al. 1997; Paciesas et al. 1999; Djorgovski et al. 2001 ) it was clearly demonstrated that at least long GRBs were extragalactic and involved the emission of huge amounts of energy in a short time. After the launch of Swift (Gehrels et al. 2004 ) it was firmly established that short GRBs also have an extragalactic origin (Gehrels et al. 2005; Butler et al. 2005; Villasenor et al. 2005; Barthelmy et al. 2005b ) and therefore these bursts involve the emission of a rather large amount of energy as well.
The X-Ray Telescope (XRT Burrows et al. 2005a ) on board the Swift satellite allows the early and well sampled observations of the afterglow. The temporal behaviour of the observed light curve was completely unexpected since, according to the data gathered by Beppo-SAX (the record pointing of this satellite after detection was however of about 4 hours), the expectation was for a flux decaying smoothly as a power-law, F ∼ t −1.5 . It was realized rather soon by the Swift team that the light curve of many GRBs was characterized by a more complex temporal behaviour (Nousek et al. 2006; O'Brien et al. 2006; Zhang et al. 2006 ): a steep early decay, a "plateau" and a late decay where the slope observed by Beppo-SAX is essentially recovered. These phases can be either all or in part present (Evans et al. 2009 ). The significant achievements have been accompanied by substantial theoretical effort to interpret the data. The internal -external shock model (Meszaros & Rees 1993; Rees & Meszaros 1992 , 1994 , see also Piran 1999 Piran , 2004 and references therein) within the fireball scenario (Cavallo & Rees 1978 ) explains many of the characteristics of the observed light curve and spectrum of GRBs (see e.g. Zhang et al. 2006 and reference therein; for a critical review of this model and possible alternatives see Lyutikov 2009 ).
Indeed one of the most intriguing discoveries of the Swift/XRT was the existence of flares in many of the observed GRB afterglows, that released a large emission of energy at later times than the prompt emission Falcone et al. 2006; Chincarini et al. 2007; Falcone et al. 2007 ). The first detection of flares with the Swift/XRT occurred in X-Ray Flash (XRF) 050406 Romano et al. 2006b ) and GRB050502B Falcone et al. 2006) . In the first case the afterglow light curve exhibits a rebrightening of a factor of 6 that decayed quickly to recover the previous temporal behaviour. The flare in GRB050502B was spectacular with a rebrightening of the light curve of a factor 500; its fluence is comparable to the one of the prompt emission observed by the Burst Alert Telescope (BAT Barthelmy et al. 2005a ) on board the Swift satellite. Further observations confirmed that flares are quite common events in the light curves of GRBs (∼ 33% of GRB afterglows exhibit flares). The energetics involved as well as their spectral properties, in particular the hard-to-soft evolution, are strong indications that X-ray flares have a common origin with the gamma-ray pulses. Furhermore, the presence of an underlying continuum with the same slope before and after the flaring activity excludes the possibility that flares are related to the afterglow emission by forward external shocks. Therefore their properties can provide an important clue toward the understanding of the mechanism that is at the basis of the GRB phenomenon.
Previous analysis was performed by Chincarini et al. (2007, hereafter Paper I) and Falcone et al. (2007, hereafter Paper II) . These authors concluded that:
(i) flares occur in all kind of GRBs: short and long, high energy peaked GRBs and X-ray flashes;
(ii) the flare intensity decreases with time and the flare duration increases with time;
(iii) a sizable fraction of flares cannot be related to the external shock mechanism;
(iv) the temporal behaviour of flares is very similar to the one of prompt emission pulses;
(v) the number of flares of a single event does not correlate with the number of detected prompt pulses;
(vi) the energy emitted during a bright flare is very large and in some cases is of the order of the prompt emission observed by BAT. Their average fluence, however, is about 10% of the prompt emission fluence measured by BAT;
(vii) the peak energy is typically in the soft X-rays, 1 keV;
(viii) the hardness ratio evolves following closely the evolution of the flare luminosity with a hardening during the rise and a softening during the decay; (ix) a long lasting activity by the central engine is advocated.
In the present work we expand the statistics of Paper I considering a wider sample of X-ray flares. Moreover, for the first time, we constrain the evolution of the properties of the flares in different X-ray energy bands inside the 0.3 − 10 keV bandpass of the XRT. Finally, the flares are fitted with the function proposed in Norris et al. (2005) : this allows us to study the asymmetry of the flare temporal profiles, to assess the rise time and the decay time evolution with time.
The paper is organized as follows. In Sec. 2 we describe the data reduction procedure and in Sec. 3 the flare sample and the fitting procedure. In Sec. 4 we describe the analysis of the temporal behaviour of flares (Sec. 4.1) and their energetic and spectral properties (Sec. 4.2). In Sec. 5 we discuss the main results of our analysis. Then conclusions follow.
Throughout the paper we follow the convention fν (t) ∝ ν −β t −α , where the energy spectral index β is related to the photon index Γ = β + 1. We have adopted the standard values of the cosmological parameters: H• = 70 km s −1 Mpc −1 , ΩM = 0.27 and ΩΛ = 0.73. Errors are given at 1 σ confidence level unless otherwise stated.
DATA REDUCTION
XRT data were processed with the latest version of the heasoft package available at the time of the discovery of the GRB explosion and corresponding calibration files: standard filtering and screening criteria were applied. In particular we used grades 0 − 2 and 0 − 12 in windowed timing (WT) and photon counting (PC) modes, respectively. Swift/XRT (Burrows et al. 2005a ) is designed to acquire data using different observing modes depending on source count rates to minimize the presence of pile-up (Hill et al. 2004) : the first orbit contains Windowed Timing (WT) data if the source is brighter than a few counts s −1 , while for lower count rates the spacecraft automatically switches to the Photon Counting (PC) mode to follow the fading of the source. Generally, WT data are extracted in a 20 × 40 pixel region centered at the afterglow position along the WT strip of data. For count-rates above ∼ 150 count s −1 , we expect the source to be affected by pile-up (Romano et al. 2006a) : in this case the central part of the rectangular region is excluded from the analysis. The size of the exclusion region is determined from the study of the distortion of the grade 0 distribution. The study of the distortion of the mean energy associated to each photon gives consistent results. WT background data are extracted within a rectangular box which is manually chosen to be far from serendipitous background sources.
For PC observations, events are selected within four different regions: first, PC data are extracted from a circular region centered at the enhanced position provided by the XRT team. In most cases a radius of 20 pixel (1 pixel ∼ 2.36 ′′ ) is used. The radius is chosen so as to contain ∼ 90% of the total flux as determined by the xrtmkarf tool. Exceptions are however present: bright (faint) sources require radii greater (smaller) than the standard 20 pixel value; at the same time, also for bright sources, a region of event extraction smaller than usual is sometimes necessary to avoid contamination from serendipitous background sources. When the PC data suffered from pile-up, we extracted the source events in an annulus whose inner radius is derived comparing the observed to the nominal Point Spread Function (PSF, Vaughan et al. 2006) . The original radial distribution of radiation -and the total source flux-is then recovered using the accurate information of the instrumental PSF provided by Moretti et al. (2005) . When the count-rate of the fading afterglow is lower than 0.01 count s −1 , the source events were extracted from a smaller region to assure a high signal-tonoise (SN) ratio. This required the introduction of a third PC extraction region: a circle with a typical 10 pixel radius. Finally, the PC background level was assessed extracting the events from an annular region centered as close as possible to the GRB location and with an inner radius greater than 3/2 the radius of the source region. When this was not possible, background data were selected within a circular region with size as big as possible. In both cases the background region is chosen in a source-free portion of the soft X-ray sky. This was accomplished by reading the PC cleaned event list file with the Ximage package and localizing any source in the field with a minimum SN equal to 2.
The background subtracted, PSF and vignetting corrected light-curves were then re-binned so as to assure a minimum SN equals to 4 for WT and PC mode data. When single-orbit data were not able to fulfill the signal-to-noise requirement, data coming from different orbits are merged to build a unique data point. Further details can be found in Margutti et al. (in prep.) .
This procedure was applied 5 times to produce a 0.3−10 keV count-rate light curve ("tot") together with four countrate light curves of the same event in 4 different sub-energy bands. In particular we have: "fvs": light curve containing photons filtered in the observed energy interval 0.3 − 1 keV; "fms": light curve containing photons filtered in the observed energy interval 1−2 keV; "fmh": light curve containing photons filtered in the observed energy interval 2−3 keV; "fvh": light curve containing photons filtered in the observed energy interval 3−10 keV. This assures the valuable possibility to investigate the variations of the flare temporal properties as a function of the energy of the emitted photons.
SAMPLE SELECTION AND FITTING PROCEDURE
We considered all the Swift GRBs observed between April 2005 and March 2008. During this period the GRBs detected were 332 (109 with redshift z): 284 by Swift (104 with z), 26 by INTEGRAL (1 with z), 10 by IPN (1 with z), 9 by HETE (3 with z), and 3 by AGILE. Observations of GRB afterglows by Swift/XRT have been carried out in 234 cases 1 . In order to have a sample as homogeneous as possible, we selected flares from all the X-ray afterglows observed by XRT with the following criteria:
(i) the flare contains a relatively complete structure: rise, peak and decay phase;
(ii) the flare structure can be fitted with an analytic function, thus giving a homogeneous set of parameters;
(iii) the flare is clearly distinguishable from the underlying continuum. Small fluctuations have not been identified as flares;
(iv) blended flares, which have more complicated structures, are included in the present statistical sample only if the various pulses are easily identified; (v) the flares are "early", i.e. peak time < 1000 s.
The present data set consists of 56 GRBs that have bright (i.e. peak count rate > 1 count s −1 ) X-ray flares. Two of them, GRB051210 and GRB070724A, are short GRBs. 27 GRBs present a single flare, 15 two flares and in 14 cases we have more than two flares. The total number of flares is 113, each one analysed in the XRT energy bandpass (0.3−10 keV) and, when the count-rate was high enough to properly fit the profile of the emission (30 flares), also in sub-energy bands (0.3−1 keV, 1−2 keV, 2−3 keV, 3−10 keV) in order to detect any chromatic difference. 21 GRBs of the present sample have also redshift measurements (43 flares): this subsample has been used to investigate the flare properties in the source rest frame.
Some giant flares, such the ones detected in GRB060510B, GRB070129 and GRB070616, are not included: the initial flare in GRB060510B could be the prompt emission observed in X-rays, and the underlying continuum is hard to define; flares in GRB071029 are strongly overlapping; the flare in GRB070616 contains some fluctuations which are difficult to distinguish.
The choice of limiting the present sample only to early flares is motivated by the aim of making a direct comparison with the prompt emission pulses. Therefore, the early flares, with higher SN ratio and temporal resolution, are more suitable for this purpose. A detailed analysis of late flares and a comparison with this sample will be presented in Bernardini et al. (in prep.) .
Fitting procedure
The flares detected by XRT generally present a rather smooth profile and only in very few cases it is possible to detect substructure indicating rapid variability, although to a rather low statistical level. Previous attempts to detect variability over very small time scales have been inconclusive. This subject, beyond the scope of the present work, will be discussed in Margutti et al. (in prep.) .
To derive information about the properties of the flares, and eventually their relation to the shock physical parameters, two approaches are viable: a) to develop a model based on the assumed physical mechanism or b) to choose an empirical analytical function to fit the observed light curve and to estimate the parameters characterizing its shape. In this second case the comparison with models prescriptions can be carried out later. We choose this second empirical approach since it allows to obtain more general results that should then help in discriminating among different models and to avoid biases.
In Paper I we used a Gaussian and broken powerlaw functions for the combined fit flare plus underlying continuum to derive widths and peak intensities. For the rise and decaying times and slopes we used an exponential and, for a few cases, we tested the function introduced in Kobayashi et al. (1997) .
In this work we derive the flare parameters using the function proposed by Norris et al. (2005, Norris05) , after testing various empirical or semi-empirical profiles. The function used in Norris et al. (2005) consists of two combined exponentials defined by 5 parameters that is not differentiable at the peak time. Nevertheless it is quite flexible to reproduce a wide range of pulse shapes and width. Kobayashi et al. (1997) (but see also Daigne & Mochkovitch 1998) proposed a semi-empirical profile that would account for the variability produced by internal shocks among relativistic shells having an ad hoc distribution of the Lorentz factor. Although such an issue is beyond the scope of the present work, the function proposed is quite satisfactory. This profile is not differentiable at the peak intensity as well, since it is the sum of two functions that are used to fit the rising and decaying part separately. Kocevski et al. (2003) proposed a FRED profile using an analytic function derived from physical first principles and accounting for the spectral evolution. The derived function describes the pulses by 4 parameters and the peak time can be calculated from them. The profile is completely satisfactory and leads to clear statistical results for single pulses, as it will be discussed later on. On the other hand, when compared to the Norris05 profile it appears to be slightly more complicated and the derivation of the parameters of interest less forthcoming. For all these reasons we choose the Norris05 profile.
The Norris05 function is the inverse of the product of two exponentials and is fully determined by 4 parameters:
where µ = (τ1/τ2) 1/2 and λ = e 2µ . The intensity is at max- imum at t pk = τ pk + ts = (τ1τ2) 1/2 + ts. The pulse width is measured between the two 1/e intensity points,
The pulse asymmetry is
t decay and trise are expressed in terms of w and k as:
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2.2 ± 54.1 152.9 ± 3154.0 18.3 ± 2585.0 31.5 ± 144.5 176.9 ± 1521.0 63.4 ± 1460.9 0.5 ± 13.7 15.9 ± 800.0 47.5 ± 661.5 1.0 ± 15.0 060714 tot1 2.711 118.7 ± 4.6 103.9 ± 3.2 3.0 ± 2.8 33.5 ± 1.9 113.9 ± 1.5 49.6 ± 4.7 0.7 ± 0.1 8.1 ± 3.0 41.6 ± 2.0 33.0 ± 4.3 060714 tot2 2.711 89.6 ± 12.1 55.6 ± 75.7 26926.1 ± 54480.0 0.2 ± 0.0 132.1 ± 1.8 8.2 ± 4.1 0.0 ± 0.0 4.0 ± 2.1 4.2 ± 2.1 3.8 ± 1.3 060714 tot3 2.711 121.8 ± 13.6 131.5 ± 4.2 12.8 ± 12.3 5.2 ± 1.0 139.7 ± 1.4 14.0 ± 1.9 0.4 ± 0.1 4.4 ± 1.1 9.6 ± 1.0 9.5 ± 2.4 060714 tot4 2.711 120.6 ± 4.9 151.5 ± 4.7 127.6 ± 76.1 4.5 ± 0.8 175.4 ± 0.5 21.1 ± 0.8 0.2 ± 0.0 8.3 ± 0.6 12.8 ± 0.5 11.0 ± 2.0 060714 fvs1 2.711 20.8 ± 4.2 106.3 ± 67.7 0.0 ± 2.6 46.5 ± 9.6 107.5 ± 20.1 48.8 ± 89.1 1.0 ± 1.9 1.2 ± 48.4 47.7 ± 40.9 3.6 ± 1.5 060714 fvs2 2.711 14.7 ± 44.6 −17.5 ± 6486.0 23001.6 ± 3.34E06 1.0 ± 60.5 134.2 ± −− 24.7 ± 223.9 0.0 ± 2.1 11.8 ± 81.7 12.8 ± 142.2 1.0 ± 24.0 060714 fvs3 2.711 17.7 ± 168.1 −10.5 ± 2898.0 53122.2 ± 3.08E06 0.5 ± 10.5 149.2 ± 137.7 17.5 ± 38.3 0.0 ± 0.5 8.5 ± 14.5 9.0 ± 24.0 1.0 ± 13.0 060714 fvs4 2.711 25.7 ± 3.6 153.5 ± 5.4 25.3 ± 17.8 14.6 ± 2.7 172.7 ± 2.2 36.6 ± 2.9 0.4 ± 0.1 11.0 ± 1.7 25.6 ± 2.2 5.9 ± 1.4 060714 fms1 2.711 41.2 ± 2.4 100.9 ± 9.5 6.0 ± 11.6 32.2 ± 4.4 114.8 ± 3.4 53.2 ± 10.7 0.6 ± 0.2 10.5 ± 7.3 42.7 ± 3.7 4.7 ± 1.1 060714 fms2 2.711 27.9 ± 7.2 29.5 ± 80.8 35736.0 ± 60060.0 0.3 ± 0.1 131.6 ± 1.9 10.9 ± 4.4 0.0 ± 0.0 5.3 ± 2.2 5.6 ± 2.2 0.6 ± 0.3 060714 fms3 2.711 47.2 ± 7.5 130.9 ± 4.0 16.6 ± 19.8 5.2 ± 1.8 140.2 ± 1.4 14.8 ± 1.7 0.4 ± 0.1 4.8 ± 1.0 10.0 ± 1.4 1.4 ± 0.5 060714 fms4 2.711 53.3 ± 3.2 144.5 ± 10.2 238.6 ± 248.8 3.5 ± 1.1 173.5 ± 0.6 20.6 ± 1.2 0.2 ± 0.1 8.5 ± 0.9 12.0 ± 0.7 2.0 ± 0.6 060714 fmh1 2.711 20.0 ± 2.3 106.1 ± 3.1 0.7 ± 1.6 27.1 ± 3.0 110.4 ± 2.3 34.6 ± 6.9 0.8 ± 0.2 3.8 ± 4.0 30.9 ± 3.5 2.3 ± 0.5 060714 fmh2 2.711 23.8 ± 3.1 39.4 ± 2.5 32348.4 ± 1418.0 0.3 ± 0.0 131.6 ± 0.6 9.8 ± 0.2 0.0 ± 0.0 4.8 ± 0.1 5.1 ± 0.1 0.7 ± 0.1 060714 fmh3 2.711 24.5 ± 3.7 134.5 ± 2.4 4.8 ± 7.9 4.4 ± 1.5 139.0 ± 0.9 9.9 ± 1.6 0.4 ± 0.2 2.8 ± 1.1 7.1 ± 1.1 0.8 ± 0.3 060714 fmh4 2.711 21.6 ± 2.3 143.5 ± 23.4 445.7 ± 970.7 2.2 ± 1.4 174.7 ± 1.1 16.7 ± 1.6 0.1 ± 0.1 7.3 ± 1.3 9.4 ± 0.8 1.0 ± 0.6 060714 fvh1 2.711 37.4 ± 4.5 84.6 ± 117.5 104.9 ± 1301.0 6.3 ± 20.4 110.3 ± 1.2 26.1 ± 15.1 0.2 ± 0.9 9.9 ± 16.4 16.2 ± 7.3 12.0 ± 26.0 060714 fvh2 2.711 33.6 ± 11.5 38.5 ± 69.1 32384.7 ± 49000.0 0.3 ± 0.0 130.7 ± 0.6 9.8 ± 3.8 0.0 ± 0.0 4.8 ± 1.9 5.1 ± 1.9 3.9 ± 1.7 060714 fvh3 2.711 42.6 ± 9.5 131.8 ± 1.8 4.5 ± 6.0 4.8 ± 2.7 136.4 ± 0.9 10.5 ± 2.9 0.5 ± 0.2 2.9 ± 0.8 7.6 ± 2.7 5.5 ± 2.9 060714 fvh4 2.711 24.1 ± 2.5 141.5 ± 29.2 572.7 ± 1492.0 1.9 ± 1.5 174.5 ± −− 16.0 ± 1.3 0.1 ± 0.1 7.0 ± 1.2 9.0 ± 0. 191.9 ± 115.5 17.0 ± 193.6 0.6 ± 8.6 3.1 ± 107.9 13.9 ± 85.8 0.4 ± 7.0 060719 fmh -
272.9 ± 13.6 163.4 ± 1.1 7.2 ± 2.2 24.5 ± 1.9 176.7 ± 1.0 43.7 ± 2.5 0.6 ± 0.0 9.6 ± 1.0 34.1 ± 2.0 93.0 ± 10.0 060729 fvs 0.54 88.2 ± 6.4 159.2 ± 4.6 30.6 ± 17.1 23.0 ± 3.0 185.7 ± 2.0 54.6 ± 3.3 0.4 ± 0.1 15.8 ± 2.1 38.8 ± 2.4 21.0 ± 5.0 060729 fms 0.54 142.7 ± 11.9 164.0 ± 2.2 8.8 ± 5.9 14.9 ± 2.7 175.4 ± 1.2 30.1 ± 3.0 0.5 ± 0.1 7.6 ± 1.4 22.5 ± 2.5 38.0 ± 10.0 060729 fmh 0.54 29.2 ± 5.4 164.9 ± 3.7 6.2 ± 10.1 11.2 ± 4.0 173.3 ± 2.1 22.3 ± 3.7 0.5 ± 0.2 5.5 ± 2.4 16.7 ± 3.0 6.1 ± 2.6 060729 fvh 0.54 
759.4 ± 1183.0 12.9 ± 6.4 297.9 ± 4.0 72.5 ± 6.3 0.2 ± 0.1 29.8 ± 4.3 42.7 ± 4.7 0.9 ± 0.4 060904A fms2 -2.6 ± 5.1 661.7 ± 76.1 0.1 ± 10.9 61.1 ± 22.9 664.6 ± 38.1 66.6 ± 192.8 0.9 ± 2.9 2.8 ± 104.6 63.8 ± 88.8
386.1 ± 7.5 125.9 ± 1.2 67.9 ± 7.0 29.5 ± 0.8 170.7 ± 0.6 78.5 ± 0.9 0.4 ± 0.0 24.5 ± 0.5 54.0 ± 0.6 200.0 ± 12.0 060904B fvs 0.703 51.5 ± 1.8 119.8 ± 4.4 133.5 ± 32.0 37.5 ± 2.8 190.5 ± 1.9 109.6 ± 2.5 0.3 ± 0.0 36.0 ± 1.4 73. 432.0 ± 6.0 173.1 ± 34.0 52.0 ± 2.5 526.8 ± 11.3 149.7 ± 8.5 0.3 ± 0.0 48.9 ± 3.6 100.9 ± 5.1 48.0 ± 3.6 060929 fvs -13.4 ± 0.4 377.7 ± 20.7 689.6 ± 247.6 44.3 ± 4.4 552.4 ± 38.6 181.4 ± 20.6 0.2 ± 0.0 68.6 ± 9.0 112.8 ± 11.8 9.6 ± 1.4 060929 fms -28.2 ± 0.8 435.2 ± 7.2 186.1 ± 44.2 47.9 ± 2.8 529.6 ± 13.6 142.7 ± 9.9 0.3 ± 0.0 47.4 ± 4.2 95.3 ± 6.0 7.6 ± 0.9 060929 fmh -10.6 ± 0.5 427. 11.4 ± 3.9 148.3 ± 27.8 42.9 ± 16.0 0.3 ± 0.1 15.8 ± 6.8 27.2 ± 9.5 3.4 ± 1.2 061202 fms2 -7.3 ± 3.1 145.4 ± 91.9 321.9 ± 3057.0 2.5 ± 7.0 173.5 ± 167.0 16.8 ± 53.2 0.1 ± 0.4 7.2 ± 24.4 9.6 ± 29.1 0.4 ± 0.8 061202 fmh1 -17.0 ± 2.6 111.3 ± 19.4 127.3 ± 244.0 7.7 ± 4.8 142.5 ± 37.0 31.9 ± 21.0 0.2 ± 0.1 12.1 ± 8.9 19.8 ± 12.4 2.2 ± 1.2 061202 fmh2 -6.2 ± 6.0 149.4 ± 182.0 655.9 ± 12250.0 1.1 ± 5.4 176.2 ± 316.4 10.9 ± 64.5 0.1 ± 0.5 4.9 ± 30.6 6.0 ± 34.0 0.3 ± 0.9 061202 fvh1 -31.2 ± 3.7 114.9 ± 12.1 90.4 ± 138.3 6.7 ± 3.2 139.5 ± 23.2 26.6 ± 13.6 0.3 ± 0.1 9.9 ± 5.8 16.6 ± 8.0 8.6 ± 3.9 061202 fvh2 -4.2 ± 95.0 155.8 ± 1395.0 656.2 ± 122300.0 0.5 ± 15.9 174.0 ± 2213.8 6.1 ± 316.1 0.1 ± 3.9 2.8 ± 154.6 3.3 ± 161.9 0.3 ± 6.8 070107 tot1 -41.3 ± 2.3 311.9 ± 1.6 6.9 ± 5.1 21.3 ± 7.6 324.1 ± 5.3 38.6 ± 12.4 0.6 ± 0.1 8.6 ± 3.1 29.9 ± 9.8 11.0 ± 3.5 070107 tot2 -34.4 ± 4.0 339.5 ± 2.3 11.9 ± 4.3 55.5 ± 4.5 365.1 ± 5.3 93.7 ± 8.4 0.6 ± 0.0 19.1 ± 2.9 74.6 ± 6.1 22.0 ± 3.6 070107 tot3 -10. 1.3 ± 1.0 070107 fms1 -13.2 ± 1.1 312.9 ± 1.6 3.5 ± 3.2 57.6 ± 29.6 327.1 ± 7.5 81.2 ± 37.6 0.7 ± 0.1 11.8 ± 5.7 69.4 ± 33.4 3.9 ± 1.9 070107 fms2 -12.9 ± 2.3 338.5 ± 6.7 16.9 ± 19.7 37.5 ± 19.8 363.6 ± 17.5 71.9 ± 34.7 0.5 ± 0.1 17.2 ± 9.5 54.7 ± 26.6 3.3 ± 1.6 070107 fms3 -5.8 ± 2.7 407.6 ± 17.5 14.9 ± 97.4 5.0 ± 8.7 416.2 ± 33.9 14.0 ± 27.7 0.4 ± 0.5 4.5 ± 11.3 9.5 ± 17.1 0.3 ± 0.4 070107 fms4 -6.6 ± 1.5 433.6 ± 3.6 1.8 ± 4.5 29.9 ± 14.3 441.0 ± 10.0 42.2 ± 22.0 0.7 ± 0.2 6.1 ± 6.7 36.0 ± 17.3 1.0 ± 0.5 070107 fms5 -0.6 ± 0. 63.2 ± 37.9 5.5 ± 2.9 070107 fvh2 -19.8 ± 10.1 318.0 ± 6.2 4.1 ± 22.7 3.0 ± 2.8 321.5 ± 11.7 7.2 ± 9.7 0.4 ± 0.5 2.1 ± 4.3 5.1 ± 5.7 0.8 ± 0.8 070107 fvh3 -2.3 ± 1.3 383.0 ± 14.0 6.6 ± 48.8 8.0 ± 18.4 90.3 ± 31.4 17.2 ± 40.4 0.5 ± 0.7 4.6 ± 14.2 12.6 ± 28.0 0.2 ± 0.4 070107 fvh4 -3.1 ± 0.9 420.5 ± 11.8 24.0 ± 46.4 17.0 ± 9.2 440.6 ± 23.5 40.7 ± 23.9 0.4 ± 0.2 11.9 ± 9.1 28.8 ± 15.6 0.7 ± 0.4 070107 fvh5 -0.3 ± 0.2 1031.7 ± 406.7 621.4 ± 3179.0 99.9 ± 146.5 1280.8 ± 777.8 331.0 ± 537.3 0.3 ± 0.4 115.5 ± 223.8 215.4 ± 324.1 0.6 ± 0.8 070220 tot -4.6 ± 2.3 505.1 ± 138.4 368.3 ± 3557.0 4.6 ± 12.0 546.2 ± 6.1 27.9 ± 13.2 0.2 ± 0.5 11.6 ± 11.8 16.2 ± 4. 11.1 ± 6.6 21.8 ± 3.6 183.9 ± 1.5 42.8 ± 3.2 0.5 ± 0.1 10.5 ± 1.6 32.3 ± 3.0 2.5 ± 0.5 070306 fmh 1.4959 11.8 ± 1.7 170.3 ± 2.9 5.9 ± 6.7 20.4 ± 6.2 181.3 ± 2.6 36.2 ± 5.9 0.6 ± 0.1 7.9 ± 2.6 28.3 ± 5.5 1.4 ± 0.5 070306 fvh 1.4959 12.8 ± 2.1 168.4 ± 2.0 1.5 ± 2.6 26.0 ± 8.0 174.6 ± 3.0 36.4 ± 6.9 0.7 ± 0. 28.2 ± 9.3 0.6 ± 0.1 5.7 ± 3.0 22.5 ± 7.0 2.6 ± 0.8 070518 tot2 -7.2 ± 1.3 130.9 ± 5.4 8.6 ± 13.4 36.0 ± 37.0 148.5 ± 17.3 61.9 ± 55.5 0.6 ± 0.2 13.0 ± 11.3 48.9 ± 45.8 1.8 ± 1.5 070518 tot3 -22.2 ± 1.7 151.8 ± 11.5 179.1 ± 174.3 7.6 ± 2.4 188.6 ± 22.1 34.2 ± 11.6 0.2 ± 0.1 13.3 ± 5.0 20.9 ± 6.7 2.9 ± 0.9 070518 fvs1 -6.9 ± 1.0 59.2 ± 84.0 669.8 ± 3299.0 4.3 ± 7.4 112.7 ± 163.0 30.6 ± 54.4 0.1 ± 0.2 13.1 ± 24.6 17.4 ± 30.0 0.8 ± 1.0 070518 fvs2 -5.8 ± 6.9 133.8 ± 4.2 0.1 ± 3.8 14.3 ± 17.7 135.2 ± 19.5 16.9 ± 37.6 0.8 ± 1.6 1.3 ± 16.1 15.6 ± 24.6 0.4 ± 0.7 070518 fvs3 -11.7 ± 0.9 105.1 ± 76.4 1255.3 ± 3372.0 5.6 ± 4.8 189.2 ± 141.1 43.9 ± 40.5 0.1 ± 0.1 19.1 ± 18.6 24.8 ± 22.0 1.8 ± 1.3 070518 fms1 -10.9 ± 1.3 93.7 ± 7.0 20.5 ± 32.7 10.1 ± 4.3 108.0 ± 13.8 26.0 ± 12.4 0.4 ± 0.1 8.0 ± 5.0 18.0 ± 7.9 0.4 ± 0.2 070518 fms2 -6.0 ± 1.2 136.9 ± 3.9 4.9 ± 10.3 15.5 ± 9.8 145.6 ± 10.3 27.9 ± 17.8 0.6 ± 0.2 6.2 ± 5.6 21.7 ± 13.2 0.3 ± 0.2 070518 fms3 -10.2 ± 1.2 166.7 ± 6.6 38.5 ± 45.2 8.6 ± 2.9 184.9 ± 12.9 26.4 ± 9.7 0.3 ± 0.1 8.9 ± 4.0 17.5 ± 6.0 0.4 ± 0.1 070518 fmh1 -3.8 ± 0.8 75.6 ± 59.1 670.0 ± 3810.0 1.4 ± 2.5 106.2 ± 108.5 13.1 ± 25.3 0.1 ± 0.2 5.9 ± 11.9 7.3 ± 13.5 0.1 ± 0.2 070518 fmh2 -0.3 ± 0.4 131.9 ± 23.0 5.7 ± 92.3 6.2 ± 34.0 137.9 ± 55.6 13.6 ± 74.2 0.5 ± 1.5 3.7 ± 25.4 9.9 ± 51.8 0. 27.8 ± 2.5 193.6 ± 1.4 82.5 ± 2.5 0.3 ± 0.0 27.4 ± 1.4 55.1 ± 2.0 5.7 ± 0.8 070520B fmh -11.2 ± 0.8 166.8 ± 1.6 6.9 ± 3.7 33.5 ± 3.9 182.0 ± 2.0 56.2 ± 3.7 0.6 ± 0.1 11.4 ± 1.9 44.8 ± 3.3 1.9 ± 0.3 070520B fvh -11.8 ± 0.8 165.7 ± 2.2 9.6 ± 5.4 28.9 ± 3.5 182.4 ± 1.9 52.5 ± 3.4 0.6 ± 0.1 11.8 ± 1.9 40.7 ± 2.9 5.4 ± 0.9 070621 tot1 -26.1 ± 3.6 123.1 ± 25.2 219.0 ± 676.8 2.7 ± 2.6 147.5 ± 1.5 16.5 ± 2.6 0.2 ± 0.2 6.9 ± 1.9 9.6 ± 1. 149.7 ± 2.2 13.9 ± 4.0 0.1 ± 0.3 6.1 ± 3.2 7.7 ± 1.8 0.5 ± 0.8 070621 fms2 -2.9 ± 1.0 137.9 ± 99.2 388.5 ± 1776.0 10.7 ± 15.6 202.3 ± 7.6 53.5 ± 22.3 0.2 ± 0.3 21.4 ± 12.1 32.1 ± 14.9 0.5 ± 0.5 070621 fmh1 -6.9 ± 1.5 119.0 ± 46.6 308.0 ± 1597.0 2.2 ± 3.5 145.3 ± 1.8 15.5 ± 3.6 0.1 ± 0.2 6.6 ± 2.9 8.9 ± 2.0 0.4 ± 0.5 070621 fmh2 -1.7 ± 0.6 166.6 ± 93. 61.7 ± 3.6 0.1 ± 0.0 29.2 ± 1.6 32.6 ± 2.9 9.5 ± 6.8 071021 fvs -6.9 ± 0.7 72.7 ± 97.8 1329.1 ± 2699.0 14.0 ± 8.1 209.2 ± 5.5 88.6 ± 10.2 0.2 ± 0.1 37.3 ± 7.7 51.3 ± 5.1 2.2 ± 1.2 071021 fms -15.6 ± 1.9 −150.8 ± 352.8 47428.0 ± 146100.0 2.8 ± 3.2 212.8 ± 0.0 63.7 ± 6.4 0.0 ± 0.0 30.5 ± 2.0 33.3 ± 4.6 2.5 ± 2.2 071021 fmh -4.9 ± 1.7 −236.9 ± 761.1 84567.3 ± 481200.0 2.4 ± 5.5 212.1 ± 25.6 65.5 ± 20.9 0.0 ± 0.1 31.5 ± 7.9 33.9 ± 13.1 1.0 ± 1.5 071021 fvh -7.3 ± 3.9 −129.6 ± 784.4 84003.4 ± 667800.0 1.4 ± 4.6 210.9 ± 9.7 43.4 ± 23.0 0.0 ± 0.1 21.0 ± 9.2 22.4 ± 13.8 2.0 ± 4.4 071031 tot1 2.692 105.6 ± 6.8 66.6 ± 37.9 570.9 ± 767.1 11.3 ± 4.4 146.8 ± 1.1 61.2 ± 4.2 0.2 ± 0.1 25.0 ± 3.5 36.2 ± 2.6 28.0 ± 11.0 071031 tot2 2.692 47.9 ± 4.7 188.1 ± 2.1 6.3 ± 4.8 25.5 ± 5.7 200.7 ± 1.8 44.0 ± 4.9 0.6 ± 0.1 9.3 ± 1.9 34.7 ± 5.0 8.0 ± 1.9 071031 tot3 2.692 30.3 ± 2.8 242.8 ± 2.3 5.1 ± 4.2 32.3 ± 7.2 255.6 ± 2.2 51.9 ± 6.3 0.6 ± 0.1 9.8 ± 2.4 42.1 ± 6.3 5.4 ± 1.3 071031 tot4 2.692 18.9 ± 0.9 352.7 ± 5.9 62.4 ± 15.5 145.0 ± 10.0 447.8 ± 4.4 276.1 ± 10.0 0.5 ± 0.0 65.5 ± 4.4 210.6 ± 9.0 19.0 ± 1.9 071031 fvs1 2.692 26.4 ± 4.5 40.2 ± 157.2 851.5 ± 3345.0 15.9 ± 19.8 156.8 ± 4.7 87.7 ± 12.9 0.2 ± 0.2 35.9 ± 11.7 51.8 ± 11.9 6.0 ± 5.9 071031 fvs2 2.692 12.9 ± 3.1 190.9 ± 20.5 0.5 ± 5.2 89.8 ± 30.8 197.8 ± 14.0 102.7 ± 45.2 0.9 ± 0.5 6.4 ± 28.7 96.3 ± 25.9 4.5 ± 2.1 071031 fvs3 2.692 9.1 ± 1.3 233.7 ± 15.3 51.2 ± 88.1 17.1 ± 9.6 263.3 ± 3.6 48.1 ± 8.4 0.4 ± 0.2 15.5 ± 4.4 32.6 ± 7.9 1.5 ± 7.7 071031 fvs4 2.692 6.4 ± 0.4 344.1 ± 19.8 144.4 ± 70.3 130.3 ± 20.9 481.3 ± 7.4 297.5 ± 18.5 0.4 ± 0.1 83.6 ± 8.1 213.9 ± 18.0 5.7 ± 1.2 071031 fms1 2.692 47.2 ± 3.2 59.9 ± 61.1 809.6 ± 1620.0 9.8 ± 6.0 148.7 ± 1.6 59.7 ± 4.8 0.2 ± 0.1 25.0 ± 4.2 34.7 ± 3.4 4.4 ± 2.4 071031 fms2 2.692 22.4 ± 2.9 182.7 ± 6.3 25.8 ± 27.4 15.4 ± 4.9 202.6 ± 2.0 38.3 ± 4.1 0.4 ± 0.1 11.5 ± 2.4 26.9 ± 3.8 1.3 ± 0.4 071031 fms3 2.692 15.6 ± 1.5 240.0 ± 2.8 9.0 ± 7.3 23.6 ± 5.5 254.5 ± 2.1 43.9 ± 4.9 0.5 ± 0.1 10.2 ± 2.1 33.7 ± 4.8 1.1 ± 0.3 071031 fms4 2.692 7.2 ± 0.4 341.6 ± 12.0 110.8 ± 42.0 110.6 ± 11.1 452.3 ± 5.9 247.5 ± 11.8 0.4 ± 0.0 68.4 ± 6.3 179.1 ± 9.6 3.3 ± 0.6 071031 fmh1 2.69 21.1 ± 3.0 −54.8 ± 240.1 8978.7 ± 32600.0 4.2 ± 4.8 139.1 ± 311.4 57.1 ± 50.9 0.1 ± 0.1 26.5 ± 25.4 30.7 ± 25.4 3.6 ± 3.4 071031 fmh2 2.69 7.4 ± 1.2 157.8 ± 54.3 499.4 ± 1851.0 3.7 ± 4.2 200.9 ± 70.5 25.6 ± 22.8 0.2 ± 0.2 10.9 ± 11.4 14.6 ± 11.4 0.6 ± 0. 66.3 ± 56.5 24.6 ± 9.9 244.7 ± 1.7 67.6 ± 10.4 0.4 ± 0.1 21.5 ± 2.1 46.1 ± 10.0 8.2 ± 3.0 080212 fms3 -38.3 ± 5.9 259.7 ± 7.1 61.7 ± 35.0 21.4 ± 3.6 296.1 ± 1.8 59.8 ± 5.5 0.4 ± 0.1 19.2 ± 2.6 40.6 ± 3.9 5.7 ± 1.3 080212 fmh1 -2.8 ± 2.3 181.5 ± 5.6 0.2 ± 3.6 21.8 ± 20.8 183.5 ± 13.5 25.4 ± 20.7 0.9 ± 1.2 1.8 ± 16.2 23.6 ± 12.9 0.2 ± 0.3 080212 fmh2 -11.0 ± 0.9 208.0 ± 8.6 41.1 ± 45.3 25.8 ± 13.3 240.5 ± 2.6 63.4 ± 13.1 0.4 ± 0.1 18.8 ± 2.5 44.6 ± 12.9 2.3 ± 1.0 080212 fmh3 -11.4 ± 1.5 263.0 ± 6.9 39.1 ± 27.6 22.3 ± 4.0 292.5 ± 2.3 55.9 ± 5.6 0.4 ± 0.1 16.8 ± 2.9 39.1 ± 3.9 2.0 ± 0.5 080212 fvh1 -3.9 ± 162.1 189.2 ± 52.1 0.4 ± 91.3 1.7 ± 13.5 190.0 ± 82.2 2.9 ± 104.1 0.6 ± 21.6 0.6 ± 53.1 2.3 ± 53.1 0.0 ± 0.0 080212 fvh2 -6.6 ± 0.7 189.9 ± 37.7 268.6 ± 667.3 9.4 ± 8.5 240.1 ± 54.0 44.4 ± 29.0 0.2 ± 0.2 17.5 ± 14.5 26.9 ± 14.5 2.2 ± 1.6 080212 fvh3 -11.6 ± 0.8 257.7 ± 7.0 53.6 ± 33.4 23.1 ± 3.8 292.9 ± 9.6 61.5 ± 8. 
fms 66.7 ± 54.9 0.7 ± 0.1 ----528.7 576.3 1.1 070220 fmh 34.5 ± 25.9 0.7 ± 0.1 ----541.6 569.3 0.5 070220 fvh 6.00E08 ± 1.09E09 3.6 ± 0.4 0.6 ± 0.1 165.3 ± 9.1 256.2 531.0 1.0 070721B tot2 6.00E08 ± 1.09E09 3.6 ± 0.4 0.6 ± 0.1 165.3 ± 9.1 304.5 316.5 1.0 070721B tot3 6.00E08 ± 1.09E09 3.6 ± 0.4 0.6 ± 0.1 165.3 ± 9.1 335.5 372.2 1.0 070721B tot4 6.00E08 ± 1.09E09 3.6 ± 0.4 0.6 ± 0.1 165.3 ± 9.1 598.7 956.6 1.0 070721B fvs1 6.00E08 ± 1.32E09 3.8 ± 0.5 0.6 ± 0.1 162.9 ± 10.1 245.8 584.0 0.9 070721B fvs2 6.00E08 ± 1.32E09 3.8 ± 0.5 0.6 ± 0.1 162.9 ± 10.1 305.3 322.4 0.9 070721B fvs3 6.00E08 ± 1.32E09 3.8 ± 0.5 0.6 ± 0.1 162.9 ± 10.1 341.8 375.2 0.9 070721B fvs4 6.00E08 ± 1.32E09 3.8 ± 0.5 0.6 ± 0.1 162.9 ± 10.1 617.6 937.2 0.9 070721B fms1 6.00E08 ± 1.39E09 3.8 ± 0.5 0.5 ± 0.1 167.4 ± 11.0 255.7 288.6 1.0 070721B fms2 6.00E08 ± 1.39E09 3.8 ± 0.5 0.5 ± 0.1 167.4 ± 11.0 304.2 329.0 1.0 070721B fms3 6.00E08 ± 1.39E09 3.8 ± 0.5 0.5 ± 0.1 167.4 ± 11.0 334.0 409.7 1.0 070721B fms4 6.00E08 ± 1.39E09 3.8 ± 0.5 0.5 ± 0.1 167.4 ± 11.0 625.0 1053.0 1.0 070721B fmh1 6.00E08 ± 2.07E09 4.0 ± 0.7 0.3 ± 0.2 158.9 ± 13.6 259.1 302.2 0.5 070721B fmh2 6.00E08 ± 2.07E09 4.0 ± 0.7 0.3 ± 0.2 158.9 ± 13.6 302.0 319.2 0.5 070721B fmh3 6.00E08 ± 2.07E09 4.0 ± 0.7 0.3 ± 0.2 158.9 ± 13.6 334.3 392.8 0.5 070721B fmh4 6.00E08 ± 2.07E09 4.0 ± 0.7 0.3 ± 0.2 158.9 ± 13.6 620.7 800.2 0.5 070721B fvh1 6.00E08 ± 2.46E09 4.0 ± 0.9 0.3 ± 0.2 152.9 ± 12.6 255.6 312.1 0.9 070721B fvh2 6.00E08 ± 2.46E09 4.0 ± 0.9 0.3 ± 0.2 152.9 ± 12.6 304.0 315.3 0.9 070721B fvh3 6.00E08 ± 2.46E09 4.0 ± 0.9 0.3 ± 0.2 152.9 ± 12.6 334.5 369.0 0.9 070721B fvh4 6.00E08 ± 2.46E09 4.0 ± 0.9 0.3 ± 0.2 152.9 ± 12.6 634.2 688.4 0.9 070724A tot1 5.00E06 ± 4.20E06 
ANALYSIS

Flares shape parameters
In the following we revisit with this new sample the results obtained in Paper I and Paper II. In addition to a more detailed analysis of the flares temporal behaviour, the major contribution of the present work is the analysis of the flares in 4 XRT sub-energy bandpasses (see Sec. 2). When not specified, we consider the parameters of the flares obtained fitting the 0.3 − 10 keV band light curve. The phenomenology of the flares is presented in the observer frame unless otherwise stated.
Width versus t pk
The first property of flares that we want to investigate is their temporal variability. Based on the fits described in Sec. 3.1, we calculate the ratio between the width and the peak time: w/t pk . The median value of the distribution is 0.23 and the standard deviation is 0.14 (see Fig. 3 , Inset). This value is in agreement with the result of Paper I, since the width obtained with the Norris05 profile corresponds to the one measured at ∼ 37% of the maximum, and if we consider the width measured at 37% of the maximum on a Gaussian profile, it results to be wGauss = 2.83 σGauss.
What is evident in Fig. 2 is that the flare width increases linearly with time with a best fit w ∼ 0.2 t pk . This correlation is quite strong, with a Spearman rank coefficient ρ = 0.7115 (number of points N = 109, null hypothesis probability nhp < 2.2 × 10 −16 ), and it is confirmed also in the source rest frame, thus excluding an effect due to the red- Figure 3 . Plot of the ratio w/t pk of X-ray flares (blue and pink dots correspond to flare belonging to long and short GRBs respectively) compared with the one of the BATSE pulses in 4 sub-energy bandpasses in the Norris et al. (2005) sample (colored dots). Their different behaviour is evident: while the BATSE pulse ratio w/t pk decreases with time in all the energy bands, for the flares it remains constant up to late times. Inset: distribution of the ratio w/t pk of X-ray flares (blue and pink rectangles correspond to flare belonging to long and short GRBs respectively). The distribution is centered on w/t pk = 0.23 with σ = 0.14 dent: while the w/t pk of the BATSE pulses decreases with time in all the 4 sub-energy bandpasses, for XRT flares it tends to be constant up to late times (see Fig. 3 ). It is important to note, however, that apart from the different trend the ratio w/t pk of the flares joints smoothly with the one observed in the BATSE broad pulses, thus pointing to a continuous transition from one class to the other.
Width versus Energy
We considered the sub-sample of flares that have been fit in all the 4 sub-energy bandpasses that have also a redshift measurement to investigate the existence of a correlation between width and energy band. This analysis has been carried out in the source rest frame. We defined therefore the effective rest frame energy in the observed energy band [hν1; hν2] as:
where RM(ν) is the response matrix of the XRT and f (ν) is the spectrum, f (ν) ∝ ν −β with β ≃ 1. By correlating the width measured in the source rest frame (wRF = w/(1 + z)) with the rest frame effective energy of each sub-energy band we find: wRF ∝ E −0.5 eff (see Fig 4) . We conclude that flares are broader at lower energies. It is interesting to observe, at this point, that while flares are very clearly detected at X-ray frequencies they are almost undetectable over the optical light curve (see e.g. Krühler et al. 2009 , however with the exception of the optical flare of GRB080129, Greiner et al. 2009 ). Whether or not this is a consequence of the present correlation it is unknown and a new analysis is in progress to establish that. Fenimore et al. (1995) reported in the analysis of BATSE pulses an inverse correlation between the width of a . Inset: Boxplot of the same quantities.
peak and the energy band in which the observation is made, w ∝ E −0.4 , confirmed later on by Norris et al. (1996) , and by Borgonovo et al. (2007) that extended this analysis also to the prompt emission pulses detected by the BeppoSAX satellite in the X-ray and gamma-ray bands.
Asymmetry and rise and decay times
Another characterizing property of the flare temporal behaviour is their asymmetry. Flares are asymmetric with a median value of 0.35 and standard deviation of 0.2. Furthermore, the asymmetry k does not correlate with the width w, thus indicating that flares profiles are extremely self-similar. As a direct comparison, the distribution of asymmetry values from the 4 bandpass BATSE sample of Norris et al. (2005) is characterized by a median of 0.49 and standard deviation of 0.26. The two distributions are portrayed in the inset of Fig. 5 . Kocevski et al. (2003) found a distribution of trise/t decay values centered on 0.47 for a sample of separable BATSE pulses 2 , in good agreement with our results. Flares and prompt pulses share very similar values of asymmetry. Despite their similarity, the flare distribution of trise/t decay is more symmetric while the prompt pulses distribution is skewed to lower values. This feature can be understood considering the results that will be discussed in detail in Margutti et al. (in prep.) : these authors found that both the evolution of the rise and the evolution of the decay times with energy band can be described by a power-law, with a steeper decaying power-law index associated to the rise time evolution. This means that in a softer energy band (like the X-ray when compared to the prompt gamma-ray photons) the pulses will be allowed to have a larger trise/t decay ratio. Fig. 5 further demonstrates the presence of a strong correlation between the rise and decay times: t decay ∝ trise, with ρ = 0.7856 (N = 113, nhp < 2.2 × 10 −16 ). The correlation smoothly joins the prompt and the flare emission, from the gamma-ray to the soft X-rays, from the trigger to Figure 5 . Observed decay time as a function of the rise time for our sample of X-ray flares (black and red dots correspond to flare belonging to long and short GRBs respectively) and the sample of prompt pulses from Norris et al. (2005) : the different symbols refer to different BATSE energy bandpasses. Red solid line: best linear fitting for the two samples: t decay = (1.1 ± 0.1) + (1.9 ± 0.1) t rise . Blue dashed line: t decay = t rise locus of points. Shaded area: region of the plane for which t decay < t rise . No data point lies in this region. Inset: distribution of the t rise /t decay values for the sample of X-ray flares (red solid line) and the sample of prompt pulses of Norris et al. (2005, blue dot-dashed line) . The best Gaussian fitting of the flare distribution is also shown with a solid grey line. The distribution is centered on t rise /t decay = 0.49 with σ = 0.26. thousands of seconds after the onset of the explosion. No emission episode in these two samples has t decay < trise.
A trend is seen between the rise and decay times as a function of the flare peak time, reminiscent of the widthpeak time correlation of Fig. 2 : since the rise time is proportional to the decay time and w = trise + t decay by definition, the results portrayed in Fig. 5 naturally account for the rise and decay times vs. peak time linear correlations: trise ∼ 0.05 t pk and t decay ∼ 0.14 t pk .
Energy and spectrum
Intensity versus t pk
In Paper I we detected an inverse correlation between the flare intensity A and t pk . Moreover, it as been shown in the previous section that the flare duration w increases with t pk . Therefore, flares seem to have a tendency to be equally energetic, lasting longer when the intensity is much lower.
The previous sample could cast some doubts on the correlation intensity peak time since it was heavily weighted on a few very late flares. For the early flares of that sample, the resulting correlation was not statistically significant. The present sample is restricted to flares occurring earlier than ∼ 1000 s in the observer frame ( 320 s in the rest frame) where the statistics are higher. The correlation between these two quantities 3 is shown in Fig. 6 , upper panel:
3 The flare peak intensity is derived as a best fitting parame- despite the rather large errors, the correlation is evident with ρ = −0.3921 (N = 109, nhp = 2.9 × 10 −5 ). A correlation also exists between A and the width w with ρ = −0.3442 (N = 109, nhp = 2.7 × 10 −4 ; see Fig.  6 , lower panel). We find that A ∝ w −0.6 . This correlation has the same trend to that of the prompt emission pulses (Ramirez-Ruiz & Fenimore 2000) but the the powerlaw index for the prompt emission is remarkably different (A ∝ w −2.8 ). The existence of a correlation between the flare peak intensity and the flare peak time is confirmed in the rest ter of the Norris05 profile and is defined as the excess over the underlying continuum. frame plane, as well. Fig. 7 shows the existence of a trend between the peak luminosity and the flare rest frame peak time: flares occurring later are characterized by lower peak luminosity. The best fit relation is found to be: L pk ∝ t fitting relation reads: Log(L pk ) = q + m Log(t pk,RF ), with q = (54.8 ± 4.0), m = (−2.7 ± 0.5). We note that this relation describes the evolution of the peak luminosity of single flares: the flare mean luminosity function can evolve differently with time. For comparison, Lazzati et al. (2008) found that the mean luminosity, averaged over a time-scale longer than the duration of the individual flares, declines as a power-law in time with index ∼ 1.5.
The existence of the peak time vs. width correlation of Sec. 4.1.1 together with the result of Fig. 7 , upper panel, automatically translates into a peak luminosity vs. rest frame width relation portrayed in Fig. 7 , lower panel. The best fit power-law model reads: L pk ∝ t −1.3 pk and ρ = −0.6871 (N = 43, nhp = 5.0 × 10 −7 ). Accounting for the intrinsic scatter we have: Log(L pk ) = q + m Log(wRF), with q = (51.8 ± 3.9), m = (−1.7 ± 0.3). Flares becomes wider and less luminous as the time proceeds.
Energy
The isotropic 0.3 − 10 keV energy of the X-ray flares of the sample can be estimated from the fluence S as:
The distribution function of the energy emitted in each flare cannot be properly determined since the sample is not complete and homogeneous. However, from Fig. 8 we see that the average isotropic energy emitted in single X-ray flares is about 10 51 erg, 5 to 10% of the energy observed by BAT in the prompt emission. Moreover, there is a hint of a bimodal distribution of the logarithm of the energy of flares, thus revealing a possible excess of faint flares.
At high redshift we have bright flares that we do not detect at lower redshift, however, under the assumption that bright flares correlate with bright GRBs, this could be due to the smaller volume sampled at low redshift. Likewise the brightest flares occur at earlier times (peak time < 500 s).
There is a trend for GRBs with fainter prompt emission to have also fainter flares. If we correlate the total isotropic energy emitted in all the flares of a single GRB in the XRT Figure 9 . Plot of the ratio between the total isotropic energy emitted in all the flares of a single GRB E flares and the total isotropic energy of its prompt emission E BAT as a function of E BAT . Although a correlation between these quantities is evident, its statistical significance is low due to the presence of two faint GRBs.
energy band (E flares ) with the total isotropic energy of its prompt emission observed by BAT in the 15−150 keV energy band (EBAT) we find:
BAT (see Fig. 9 ). However the statistical significance is very low and driven considerably by two faint GRBs (GRB070724A and GRB060512).
Spectral energy distribution
Except for a few cases it is very hard to measure the spectral evolution, and often the spectrum itself, of a flare because of the low SN ratio. Nevertheless, there are indications that flares have peak energies in the soft range of the X-ray spectrum, E pk < 1 keV (Paper II). Concerning the underlying afterglow light curve, after the steep decay the spectral index does not change considerably and β ∼ 1 (Chincarini et al. 2005) . A different behaviour is observed during the steep decay, that is the phase during which we detect most of the flares: the spectrum can be very soft, up to β ∼ 3 (a beautiful example is GRB090111, Margutti et al. 2009 ).
An indication of the Spectral Energy Distribution (SED) during the flare event can be obtained by using the 4 sub-energy bandpasses we defined above. For each bandpass we use the E eff introduced in Sec. 4.1, computed for each GRB in the source rest frame. We define the energy density F (E) in a sub-energy band as:
where S i is the fluence of the flare 4 in the bandpass i and D 2 l is the luminosity distance.
We obtain a "characteristic" spectral index by fitting the energy density in each band for the X-ray flares fitted in all the 4 sub-energy bandpasses that results to be (−1.1±0.3) (see Fig. 10 ). We tentatively conclude that flares have a typical spectral index which is rather soft, although 4 The fluence of a flare in each bandpass has been computed after the subtraction of the underlying continuum which therefore does not contribute to the flare energy density. we should note that this SED is integrated over the whole duration of the flare, therefore it is dominated by the decaying part of the light curve that is generally softer. Flares result to be much softer than the prompt emission, as expected. This is clearly shown in Fig. 11 where we compare the histogram of the indices of the spectrum integrated over the prompt emission T90 of the GRBs observed by BAT with the spectral indices of the flare SEDs derived above. The median of the flare distribution is 1.6 with a standard deviation of 1.1, while the median of the BAT prompt emission distribution is 0.6 with a standard deviation of 0.4. Fig. 12 demonstrates the presence of a softening trend during the flare emission of each event. In particular, the hard- ness ratio HR is shown as a function of the observed flare peak time for a subsample of 20 GRBs with more than one fitted flare for which an accurate measure of the flare profiles was possible. The maximum sensitivity on the softening is achieved computing the HR as the ratio of the counts in the hardest (3 − 10 keV) and in the softest (0.3 − 1 keV) energy bands as derived from the best fits. A general softening trend with time is emerging: out of 20 events, only GRB060111A, GRB070721B and GRB080319D show evidence of flare emission hardening with time. GRB051117A with 11 distinct flare episodes shows instead a consistent softening from ∼ 200 s to ∼ 2000 s post trigger. This leads us to conclude that the average energy of the arriving flares becomes softer as the burst progresses.
Hardness ratio vs. t pk
The phenomena of spectral evolution during the gamma-ray prompt emission is recognized to emerge in two distinct effects over both the entire, often complex light curves and the individual pulses. A trend of spectral softening on the timescale of pulses was first demonstrated by Band (1997) : each pulse determines a hardening during its rise time and a softening during its decay time. At the same time, a global spectral evolution was first suggested by Norris et al. (1986) and confirmed by Ford et al. (1995) . This means that, as the event progresses, the burst spectrum tends to soften with individual, evolving pulses having impressed upon them an envelope that governs a global spectral decay. Fig. 12 extends this result to the flare episodes and up to thousands of seconds after the beginning of the explosion.
DISCUSSION
Despite many observational and theoretical efforts, the origin of the GRB outflow and the role of the magnetic field are rather uncertain. While the fireball internal shock model appears to satisfy most of the observations concerning the prompt emission, it requires various ad hoc assumptions as, for instance, the generation of a random magnetic field and efficient non-thermal particle acceleration during the collision of relativistic shells. Recent observations challenge the fireball internal shock model. Kumar et al. (2007) have, e.g., pointed out that we have no strong evidence of the reverse shock that is predicted by the fireball model. The analysis carried out by Oates et al. (2009) on the UVOT light curve of a large (27) sample of GRBs shows that the reverse shock is not the main contribution to the optical emission at early times and therefore it is not responsible for the rising optical emission. Gomboc et al. (2008) claim, however, the presence of reverse shock in GRB061126. There are, furthermore, indications that magnetic fields are rather dynamically important as shown by the polarization observed by Steele et al. (2009) .
These observations specify the possibility that strong magnetic fields play a role during the acceleration of the outflow and the prompt emission (Thompson 1994; Spruit et al. 2001; Lyutikov & Blandford 2003) , while any remaining magnetization at large distance can affect the interactions of the flow with the external medium. In MagnetoHydroDynamical (MHD) models for GRBs the flow is assumed to be launched by strong magnetic fields and is Poyntingflux dominated at the small distances. MHD acceleration of the jet leads to partial conversion of magnetic energy into kinetic energy in the flow. The efficiency of MHD acceleration remains uncertain and, therefore, model dependent. At large distance where the jet interacts with the external medium the jet may remain extremely magnetized (as in the electromagnetic model of Lyutikov & Blandford 2003) or moderately magnetized (e.g. Drenkhahn & Spruit 2002; Tchekhovskoy et al. 2008) .
The parameter defining the magnetic content of a relativistic shell can be expressed by the ratio of the Poynting flux Fp to kinetic flux
2 ). From this definition we have σ• >> 1 for Poynting flux dominated jets while σ• << 1 in the fireball model. The interaction of the flow with the circumburst medium (the stellar wind or ISM) will generally occur at a distance of R ∼ 10 16 cm. It can be shown (Giannios 2008 , and references therein) that for high magnetization the ejecta interact smoothly with the external medium and decelerate preventing the formation of a reverse shock. Numerical simulations have shown that for σ• ∼ 1, a reverse shock may still appear but it is generally weak (Mimica et al. 2009 ). Steele et al. (2009) observed in GRB090102 the early afterglow optical emission with temporal slope that is characteristic of a reverse shock. This case in interesting since they detected polarization at a 10% level. In order to reconcile the presence of a large scale magnetic field and of a reverse shock, they infer a moderate magnetization of the flow of σ• ∼ 1.
The present analysis of the X-ray flare properties and their comparison with the prompt emission ones should help in discriminating among different models. One fundamental question is whether the flares can originate within the internal-external shock scenario of the fireball model or they are simply due to delayed magnetic dissipation in the flow after it has powered the prompt emission (Giannios 2006) .
Concerning the first possibility, we plot the variation in Figure 13 . Relative variability flux (∆F/F ) kinematically allowed regions as a function of relative variability time-scale ∆t/t calculated on our sample of X-ray flares (red and black dots correspond to flare belonging to long and short GRBs respectively). The three limits shown with solid, dashed and dot-dashed lines have been computed according to equations (7) and (A2) of Ioka et al. (2005) .
flux during the flare ∆F with respect to the underlying continuum F versus the duration of the flare ∆t over the time of flare occurrence t, in analogy with the diagram presented by Ioka et al. (2005, , see Fig. 13 ). We calculated the ratios ∆F/F and ∆t/t for the flare sample and plotted over the allowed regions. The two vertical lines refer respectively to bumps due to patchy shells and to bumps due to refreshed shocks. The absence of flares with ∆t/t 1 confirms previous results obtained in Paper I, outlining that flares cannot be due to the presence of patchy shells. On the contrary a rather large number of flares agrees with the refreshed shock limit. Only one flare in our sample may be related to on-axis density fluctuations while more flares are on the borderline that limits off-axis density fluctuations. This possibility cannot be ruled out and indeed a large amount of flares would originate from off-axis density fluctuations. These results are in agreement with what has been discussed previously in Paper I and they reveal that we cannot distinguish sharply among the sources of variability. However, a sizable fraction of the flares cannot be related to external shocks. This is confirmed by the comparison of the present distribution of the ratio w/t pk with the results found by Lazzati & Perna (2007) with the sample analysed in Paper I. In fact, the shortest timescale expected for the interaction with the circumburst medium is for adiabatic expansion in a wind environment: also in this case, however, assuming a spectral index β ≃ 1 (see Sec. 4.2.3), the median value is w/t pk ∼ 0.83, well above the median value we found in our sample.
The indications we have seem to point toward a prolonged activity of the central engine, similar to the one producing the prompt emission. As discussed in the literature ( After the formation of a black hole and accretion disk, accretion of the progenitor material left over by the collapse or disk instabilities could generate the activity we observe (in some cases the instability can be strong enough to generate gravitationally bound clumps within the disk and determine disk fragmentation, see Lodato 2007) . Since the accretion rate during flares is much lower than during the GRB, the neutrino mechanism is not viable for powering the flares and MHD driving is favored (Barkov & Komissarov 2008) .
One remarkable result we found in the present X-ray flares sample is that they have a ratio w/t pk approximately constant with time (see Fig. 3 ). This is not expected for the internal shock model since the arrival time is not related to the conditions of the collision (see e.g. Kobayashi et al. 1997; Ramirez-Ruiz & Fenimore 2000) and in fact this is not found in BATSE prompt emission pulses, where the width remains constant throughout the GRB time history (Norris et al. 1996; Ramirez-Ruiz & Fenimore 2000) . The only way to avoid this discrepancy is that it reflects a different behaviour of the progenitor generating the pulses. A positive correlation between duration and timescale in flares (see Fig. 2 ), as well as an anticorrelation between duration and peak luminosity (see Fig. 7 , lower panel), is expected in case of gravitational instabilities leading to fragmentation of the outer disk (Perna et al. 2006) . A complete explanation for the tight coupling of the evolution of the rise and decay times is, however, still missing. The analysis of the late flares sample will put more stringent constraints on this trend.
Under the assumption that the burst is produced via synchrotron emission, the internal shock model requires that the shock occurs at a distance from the center of explosion that is of the order of 10 17 cm for several bursts with inferred source Lorentz factor larger than ∼ 1000. For the deceleration radius to be larger than the internal shock radius, the circumburst medium density must be extremely low. Fast variability can be reconciled with large emitting distance if the emitting material (fundamental emitters) moves relativistically within the jet (Lyutikov & Blandford 2003; Lyutikov 2006; Lazar et al. 2009; Kumar & Narayan 2009) . The fundamental emitters model needs however further development. First, it is not clear how such macroscopic relativistic motions can be generated and sustained. Then, if the emitters are radiating long before their velocity points toward the observer and they continue to emit long after they move away, there is no reason for a difference the rising and decaying phase of the pulses that we found in the present sample. Furthermore, this model predicts symmetric pulses.
The asymmetry of the prompt pulses is one of the few recurrent patterns that can be distinguished among the vast range of complex GRB light-curves and the variety of GRB pulses (see e.g. Norris et al. 1996; Kocevski et al. 2003; Norris et al. 2005 , and references therein). Studies on bright BATSE light curves revealed the so called GRB pulse paradigm, according to which narrower pulses tend to be more symmetric and have harder spectra (Norris et al. 1996) . This paradigm has not been confirmed in the case of wide pulses (Norris et al. 2005) or single pulses (Kocevski et al. 2003) : no evidence for correlation between width and asymmetry has been found for simple FRED pulses. The finding that X-ray flares which happen hundreds of seconds after the prompt emission show asymmetry values very similar to the prompt broad pulses while being charac-terized by a larger width, carries important information on the GRB physical mechanism: it strongly indicates that the rise and the decay times of the pulses do not evolve independently from one another; instead, their evolution is tightly coupled. In the simplest shell collision scenario, the pulse rise phase is due to the shell energization while the decay phase is produced by the cooling of the energized particles and the curvature of the shell. The similarity between the asymmetry values of the prompt and flare emission would point to a similar underlying physical mechanism: in this case, our results imply that the observed rate at which the shell becomes active to produce the flare emission is dependent on the decay timescale and hence the curvature of the shell. This would produce flares with a temporal profile similar to the prompt emission but stretched in time, as the time proceeds, as observed.
Flares are not necessarily the result of late central engine activity, but may be produced in the decelerating phase of the flow. High σ• flows can be prone to MHD instabilities during their interactions with the circumburst medium. The instabilities can result in energy release in localized regions through magnetic reconnection. In this picture, the presence of multiple flares, often observed in GRBs, simply corresponds to multiple reconnection regions and indeed it may be possible that dissipation in one region triggers instabilities and magnetic dissipations in nearby regions (Giannios 2006) . The analysis by Giannios (2006) shows that the isotropic equivalent energy emitted in a single flare E flare and produced by a single reconnection event is limited and related to the ratio w/t pk by the relation:
where EFS is the isotropic energy of the forward shock, ǫ ∼ 0.1 the fraction of the Alfvén speed of the magnetic reconnection in a strongly magnetized plasma, α a parameter with typical values 4 in a constant density medium and 2 in the presence of stellar wind. The flare energy is therefore a rather strong function of the ratio w/t pk observed. For the XRT flares we derived w/t pk ∼ 0.23 with a standard deviation 0.14 that would call for flares having a small fraction of the energy in the forward shock (which can be some 10 times the observed energy in the prompt emission). The flares we observe are not in contradiction within the errors with this relation. The dimensions of the reconnection region implies that fast evolving flares are less energetic than the smoother ones. In the present sample we do not have a large enough flare range of the ratio w/t pk to test this effect and we find that within errors we have the same average energy. This effect will be better tested in the work in progress on late flares. It remains to be seen whether this model can quantitatively reproduce the observed decrease of the energy of the flares as function of time after the burst. The BATSE sample reveals two types of prompt emission: prompt emission showing many overlapping short pulses (as for instance GRB991216) and prompt emission presenting a few rather wide pulses easily distinguishable and showing spectral lags. In agreement with the frequency distribution derived by Quilligan et al. (2002) the number of long lag pulses increases for GRBs detected toward the sensitivity of the BATSE threshold while bright GRBs are characterized by many short overlapping spikes (we use the words spikes and pulses as synonymous). This also implies that the distribution function of GRBs, similarly to the one of many classes of objects, increases toward the faint end and that the number of bright GRBs is very rare. The present analysis of the X-ray flares sample possibly indicates that X-ray flares belong to the class of GRBs that dominate the tail of the distribution function.
Any model put forward to explain the GRB phenomena has to account for a some kind of memory of the central engine testified by Fig. 12 : this is able to produce distinct episodes of emission -flares-where each flare determines a relative hardening with respect to the previous emission, but with an average energy which becomes softer as the burst progresses.
SUMMARY AND CONCLUSION
The main result of this work is that each flare seems to retain a memory of the previous events, so that, as time progresses, each flare is weaker and softer than the preceding one. In particular with this new sample of flares we confirmed all the findings of Paper I. Furthermore, thanks to the analysis in 4 XRT bands and to the increased number of GRBs with redshift, we were able to show the following:
• the width of flares decreases with energy: w ∝ E −0.5 , with a power-law index that is comparable to what has been determined for the prompt emission spikes;
• flares are asymmetric, with a rise to decay ratio trise/t decay = 0.49 similar to prompt emission spikes. No flare is found with trise/t decay > 1 ;
• both the rise time and the decay time of each flare linearly evolve with time. Their evolution is such that the riseto-decay ratio is constant with time, implying that both time scales are stretched of the same factor;
• the width linearly evolves with time: w ∼ 0.2 t pk . This, together with the previous point is one of the key feature that strongly distinguishes the flare emission with respect to the prompt phase;
• the flare peak intensity decreases with time: on average, late time flares have lower peak intensities. However, we caution that the relation is highly dispersed;
• the mean isotropic flare energy of the sample is about 10 51 erg and the flare mean SED is a power-law with spectral index ∼ 1.1. As expected, the flares are much softer than the prompt emission;
• the last key point is the presence of global softening: in multiple-flare GRBs, the flares follow a softening trend which causes later time flares to be softer and softer.
The conclusion is that while we are making significant progress in our characterization of the properties of flares and their relation to the prompt emission spikes and prompt emission energy, at the moment there is no satisfactory model explaining their origin, evolution and energetics.
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